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REMARKS 

Favorable reconsideration of the subject application is respectfully requested in 
view of the above amendments and the following remarks. Claims 1-112 are pending in the 
instant application, and claims 75-84 and 104 are currenUy under consideration. By the present 
amendment, claims 1-74, 85-103, and 105-112 are canceled, and claims 75, 83, 84, and 104 are 
amended to more specifically point out and distinctiy claim certain embodiments of the 
invention. Support for these amendments may be found throughout the specification and claims 
as originally filed, and it is urged that the amendments do not constitute new matter. Support for 
human ANTl, ANT2, and ANT3 polypeptides having SEQ ID NOS:31, 32, and 33, respectively, 
is provided throughout the specification, including, e.g., at page 22, lines 24-27. Support for 
variants having at least 95% identify to these human ANT polypeptides is provided, e.g., at page 
23, lines 28-30, and at page 24, lines 3-5, and support for fi-agments comprising at least 30 
residues of these ANT polypeptides is provided, e.g., at page 24, lines 6-8. It should also be 
noted that the above amendments are not to be construed as acquiescence with regard to the 
Examiner's rejections and are made without prejudice to prosecution of any subject matter 
removed or modified by this amendment in a related divisional, continuation or continuation-in- 
part application. 

Response to Restriction Requirement 

In response to the restriction requirement, Applicants hereby elect Group X, 
claims 75-84 and 104, drawn to a method of identifying an agent that binds to an ANT 
polypeptide and an assay plate for high throughput screening of candidate agents that bind ANT 
polypeptide, classified in class 435, subclass 7. 1 , for examination at this time. 

Objection to the Disclosure 

The Action objects to the disclosxire for allegedly containing informalities in not 
providing sequence identifiers for the sequences listed in Figures 1 A, IB, and 2. 
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Applicants have amended the Brief Description of the Drawings to reference the 
appropriate sequence identifiers, as indicated above. Applicants respectfully request that this 
basis of objection be withdrawn in light of this amendment. 

Rejection Under 35 U.S.C. § 112, Second Paragraph 

Claims 75-84 and 104 stand rejected under 35 U.S.C. § 112, second paragraph, 
for allegedly being indefinite in their recitation of the acronym, "ANT". The Examiner indicates 
that this basis of rejection would be overcome by amending the independent claims to include 
the fiill name of the polypeptide followed by its acronym in parenthesis. 

Applicants respectfiiUy traverse this groimd of rejection and submit that the term 
"ANT" is clearly defined in the claims and the specification (see, e.g,, page 1, lines 7-8 and page 
4, line 16). Nonetheless, to expedite prosecution of the instant application, Applicants have 
amended independent claims 75, 83, 84, and 104 to include the fiiU name, "adenine nucleotide 
translocator," as suggested by the Examiner. 

Claim 84 stands rejected under 35 U.S.C. § 112, second paragraph, for allegedly 
being indefinite in not reciting a step of contacting the biological sample containing the ANT 
with the ligand in the absence of an agent. The Examiner indicates that this basis of rejection 
would be overcome by amending line 4 of the claim to recite that the sample is contacted with 
the detectable ANT ligand in the absence of a candidate agent or in the presence of the candidate 
agent. 

Applicants respectfiiUy traverse this rejection and submit that the skilled artisan 
would readily understand the claimed method. However, solely in order to expedite prosecution, 
and to make explicit what was implicit. Applicants have amended claim 4 essentially as 
suggested by the Examiner. 

Applicants respectfiiUy submit that the claims satisfy the definiteness 
requirements of 35 U.S.C. §112, second paragraph and, therefore, request that this basis of 
rejection be withdrawn. 
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Rejection Under 35 U.S.C. § 102(b) 

Claim 104 stands rejected under 35 U.S.C. § 102(b), as allegedly anticipated by 
Neumann et al (1994 7. Immunol 152:343). More specifically, the Action asserts that Neumann 
et al disclose 96-well ELISA plates comprising an immobilized ANT polypeptide for screening 
of candidate agents that bind to an ANT polypeptide, and that the inmiobilized ANT 
polypeptides of Neumann et al are patentably indistinguishable fi-om recombinant ANT 
polypeptides and are considered variants of recombinant ANT polypeptides of other isoforms. 

Applicants respectfully traverse this rejection and submit that Nexmiann et al fail 
to disclose each element of the instant claim and, therefore, fail to anticipate the claimed 
invention. Specifically, applicants submit that claim 104 as amended herewith is directed in 
pertinent part to an assay plate for high throughput screening comprising at least one 
inmiobilized recombinant himian ANT polypeptide, or a recombinant variant or recombinant 
fi-agment thereof Neumann et al fail, by contrast, to describe an assay plate comprising any 
recombinant human ANT polypeptide. Rather, the 96-well plates described by Neumann et al 
merely contain natural (/.e., non-recombinant) ANT isolated fi-om an abundant non-human 
source known to the art, namely bovine heart. Neumann et al fail to disclose an assay plate for 
high throughput screening comprising a himian ANT polypeptide, nor do Neumann et al in any 
way contemplate human ANT in an amoimt suitable for use in a high throughput screen assay 
plate. Applicants submit that absent the disclosure of the present application, high throughput 
screening assay plates comprising recombinant himian ANT polypeptides as recited are simply 
unknown to the art, and are certainly not disclosed by the cited publication, Neumann et al The 
cited document thus cannot anticipate the subject matter of the instant claim. 

Furthermore, and solely for pxuposes of advancing prosecution without 
acquiescence to this rejection, Applicants note that claim 104 has been amended to recite 
recombinant ANT variants having at least 95% identity to human ANTl, ANT2, or ANT3 
polypeptides. Applicants submit that the bovine ANT polypeptides described by Neumann et al 
do not have at least 95% identity to the recited recombinant human ANTl, ANT2, or ANT3 
polypeptides set forth in SEQ ID NOS:31-33. It is axiomatic that to establish anticipation under 
35 U.S.C. §102, each and every element of the claim must be present in a single reference. 
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Therefore, where Neumann et al clearly fail to teach or suggest each and every element of the 
presently claimed invention, the cited document fails to anticipate the claimed invention. 

Accordingly applicants submit that claim 104 is clearly patentable over Neumann 
et al and respectfully request that this rejection be withdrawn. 

Rejection Under 35 U.S.C. § 103(a) 

[A] Claims 75, 78, 79, and 83 stand rejected under 35 U.S.C. § 103(a), as allegedly 

obvious over Roux et al (1996 Anal Biochem, 234:31) in view of Adrian et al (1986 Mol Cell 
Biol 6:626). The Action asserts that Roux et al teach a method of identifying an agent that 
binds to an ANT polypeptide, comprising contacting an agent ^Vith muscle homogenate 
(containing cells expressing ANT or a biological sample containing ANT)", and that Adrian et 
al teach the recombinant expression of ANT-p-gal fusion proteins in yeast. The Action alleges 
that it would have been obvious to one of skill in the art at the time of the invention to improve 
the method of Roux et al by using cells recombinantly expressing ANT polypeptide, using the 
protocols developed for yeast expression of Adrian et al instead of muscle homogenate. 

Applicants respectfully traverse these grounds for rejection and submit that the 
Action fails to establish a prima facie case of obviousness under 35 U.S.C. § 103(a). The present 
invention is directed in pertinent part to a method for identifying an agent that binds to an ANT 
polypeptide, comprising contacting a candidate agent (i) with a host cell expressing a 
recombinant ANT polypeptide having at least 95% identity to hxmian ANTl, ANT2 or ANT3 as 
set forth in SEQ ID NOS:31-33, or (ii) with a biological sample containing at least one 
recombinant ANT polypeptide having at least 95% identity to human ANTl, ANT2 or ANT3 as 
set forth in SEQ ID NOS:31-33. 

Contrary to the assertions foxmd in the Action, Roux et al and Adrian et al, alone 
or in combination, fail to provide a person having ordinary skill in the art with the requisite 
reasonable expectation of successfully arriving at the claimed invention. In particular, absent the 
disclosure of the present application, such an ordinarily skilled artisan would have had absolutely 
no expectation of successfully achieving expression of any recombinant human ANT 
polypeptide having 95% identity to the human ANT polypeptides set forth in SEQ ID NOS:31- 
33. Where the cited references, alone or in combination, fail to teach or suggest each element of 
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the claimed invention, no prima facie case of obviousness is established. In re Royka, 490 F.2d 
981 (CCPA 1974). 

Roux et al merely describe binding of atractyloside derivatives to mitochondria 
that are present in rabbit skeletal muscle homogenates, not in cells, or to mitochondria (and not 
cells) prepared from beef heart tissue. With regard to claims 75, 78 and 79, applicants submit 
that the Action errs in alleging that the muscle homogenate contains cells expressing ANT 
because a person having ordinary skill in the art would not imderstand a skeletal muscle 
homogenate as described by Roux et al to comprise a cell. Nowhere in Roux et aL or in Adrian 
et al is there any suggestion to screen for agents that bind to an ANT polypeptide by contacting 
a candidate agent with a cell (and for reasons addressed in greater detail below, certainly not 
with a cell expressing a recombinant polypeptide having 95% identity to human ANTl, ANT2 or 
ANT3). In particular, such a skilled artisan could not reasonably conclude, given the description 
of homogenate preparation by Roux et al (e.^., at page 32 therein), that any cells would remain 
present in a sample that has been homogenized, particularly in view of steps described by Roux 
et al such as storage in liquid nitrogen, homogenization using both a Potter homogenizer and a 
glass grinder, two centrifugation steps (the first removing "undisrupted fibers and heavy 
material") and resuspension of pelleted material in buffered 0.3 M sucrose. Nor is this 
deficiency of Roux et al remedied by Adrian et al, who are silent with regard to any suggestion 
whatsoever to identify an agent that binds to an ANT polypeptide by contacting a candidate 
agent with a cell expressing a recombinant hximan ANT under conditions and for a time 
sufficient to permit binding of the agent to the recombinant polypeptide, as recited in pertinent 
part by the instant claims. In view of the combination of Roux et al and Adrian et al, there is 
thus absolutely no teaching or suggestion to practice the claimed method comprising contacting a 
cell (z.e, a host cell expressing a recombinant human ANT polypeptide) with a candidate agent. 

The Action also overstates the relevance of Roux et al to any of the instant claims 
in its allegation (Action, page 13) that in view of the cited references one of ordinary skill would 
have been motivated "to use recombinant ANT expression as part of the method in order to allow 
for a greater number of candidate agents to be tested in a shorter period of time". In fact, Roux 
et al and Adrian et al collectively fail in any way to suggest applicability of the teachings foxmd 
therein to the presently claimed method, and the Action fails to point to any suggestion in these 
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or any other publications to screen for ANT-binding agents using recombinant human ANT 
polypeptides. 

Roux et al. do not contemplate a screening assay for an agent that binds to an 
ANT polypeptide, using a recombinant human ANT polypeptide as presently recited. If 
anything, Roux et al teach away from the instant invention. Roux et al limit their disclosiire to 
derivatives (which derivatives are selected for their detectable fluorescence properties) of 
atractyloside (ATR), a known ANT ligand, but fail to contemplate use of the assay described 
therein in a general method for identifying, from among candidate agents, those agents that bind 
ANT. Roux et al. also state that the ''small amount of tissue required for a fluorometric titration 
assay with N-ATR or Mant-ATR allows, in addition to immunodetection, the characterization of 
putative ADP/ATP carrier defects in biopsy samples from patients . . (Roux et al.y page 37, left 
coliunn, emphasis added). Applicants submit that even assuming, arguendo, that fluorescent 
ATR derivatives of Roux et al were useful in screening for ANT-binding agents, the disclosure 
by Roux et al can in no way be regarded as suggesting the subject invention method of 
identifying such agents. 

In particular, Roux et al allude to ANT detection using small amounts of tissue, 
or biopsy samples from patients, which in no way constitutes a suggestion to screen for ANT- 
binding agents using any recombinant ANT polypeptide (e.g., such as that of Adrian et al), 
because Roux et al. nowhere point to any desirability of having a recombinant ANT source, 
which might be needed if available samples provided insufficient amounts of ANT. Similarly, 
absent any evidence to the contrary, the ordinarily skilled artisan would not expect tissue or 
patient biopsy samples to comprise recombinant ANT, again pointing to the failure of the 
combined teachings of Roux et al and Adrian et al to suggest the present invention. Nor do 
Roux Qt al anywhere suggest using a recombinant human ANT polypeptide, nor can any such 
suggestion be foxind elsewhere in Roux et al or in Adrian et al Insofar as the Action fails to 
point to evidence that Adrian et al in any way suggest a screening method for an ANT-binding 
agent, much less using recombinant human ANT, the PTO impermissibly employs hindsight in 
view of the present application when it alleges obviousness over Roux et al and Adrian et al 

Moreover with regard to the instant claims, applicants submit that at the time of 
filing the present application, a person having ordinary skill in the art would not have had a 
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reasonable expectation of successfully achieving recombinant expression of a polypeptide having 
at least 95% identity to the human ANT polypeptides set forth in SEQ ID NOS:31-33, for use in 
a method of identifying an agent that binds an ANT polypeptide. Additionally, the Action fails 
to establish that the skilled artisan, by combining the teachings of the cited references, would 
reasonably have had any such expectation. The Action fails to provide any specific evidence that 
the state of the art at the time of filing the instant application permitted recombinant expression 
of a human ANT polypeptide having at least 95% identity to a full length human ANT for use in 
a method for identifying an agent that binds to an ANT polypeptide. 

Indeed, as described in the accompanying Declaration of Dr. Christen M. 
Andersen, recombinant production of a functional full-length recombinant human ANT 
polypeptide was a long-sought but elusive objective that would by no means have been regarded 
as a routine procedure, nor one at which the ordinarily skilled artisan would have reasonably 
expected to succeed. As explained by Dr. Anderson in the Declaration, at the time of filing the 
instant application, recombinant production of himian ANT polypeptides was regarded as a 
particularly difficult goal that had not been successfully attained. Accordingly, Applicants 
submit that the skilled artisan would not have had a reasonable expectation of successfully 
producing the recited recombinant human ANT polypeptides, having at least 95% identity to a 
full length human ANT, based upon the mere expression of truncated yeast ANT fusion proteins 
in yeast cells described by Adrian et al. Applicants submit that where the combination of cited 
references fails to teach or suggest each element of the claimed invention and, further, where the 
combination would not provide the skilled artisan with a reasonable expectation of success, the 
Action fails to establish a prima facie case of obviousness. 

Roux et al are silent with regard to recombinant ANT expression, and the 
teachings of Adrian et al are inapposite for a variety of reasons, including technical problems 
(see Anderson Declaration) that a person skilled in the art would expect to encounter by trying to 
express a recombinant human ANT polypeptide having at least 95% identity to SEQ ID N0S:3 1 - 
33. By contrast, Adrian et al merely describe recombinant expression in yeast of homologous 
(z.e., yeast-derived sequences), truncated yeast ANT fusion proteins. Adrian et al fail, however, 
to provide any suggestion whatsoever upon which an ordinarily skilled person could reasonably 
base an expectation of successfully expressing a recombinant human ANT polypeptide by using 
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a heterologous (/.e, yeast) expression system. Furthermore, the disclosure of Adrian et al is 
directed to identifying N-terminal sequences of yeast ANT polypeptides that are responsible for 
mitochondrial localization, in yeast cells, of yeast ANT fusion proteins which merely comprise 
N-terminal fragments of yeast ANT, and which in any event are not human ANT polypeptides 
having at least 95% identity to SEQ ID NOS:31-33. Applicants submit that Adrian et al fail, 
however, to contemplate a method of identifying an agent that binds to an ANT polypeptide; 
Adrian et al, thus fail to suggest any desirability of combining the disclosure found therein with 
that of Roux et al The mere fact that the teachings of the cited documents can be combined or 
modified, or that a person having ordinary skill in the art is capable of combining or modifying 
the teachings of the cited publications, does not make the resultant combination prima facie 
obvious, as the references must also suggest the desirability of the combination {see, e.g., In re 
Mills, 16 USPQ2d 1430 (Fed. Cir. 1990); In re Fritch, 23 USPQ2d 1780 (Fed. Cir. 1992)). 

Accordingly and in view of the foregoing, applicants submit that the PTO has 
failed to establish di prima facie case of obviousness and therefore respectfully request that these 
rejections be withdrawn. 

[B] Claims 75-79 and 83 stand rejected under 35 U.S.C. § 103(a), as allegedly being 

unpatentable over Roux et al and Adrian et al, as applied to claims 75, 78, 79, and 83 above, 
and further in view of Tjaden et al (1998 J, Biol Chem. 273:9630). The Action asserts that 
Tjaden et al teach the recombinant expression of a plant adenine nucleotide translocator "which 
is considered a homologue to human ANT", using the C43 derivative of E. coli strain BL21. The 
Action alleges that it would have been obvious to one of ordinary skill in the art at the time of the 
invention to modify the method of Roux et al by using cells that recombinantly express an ANT 
polypeptide as taught by Tjaden et al, and that the skilled artisan would have been motivated to 
do so '"because it would allow for faster and easier processing of a greater number of candidate 
binding agents" compared to using muscle homogenate or expression in yeast cells. 

Applicants respectfully traverse this ground of rejection and submit that the PTO 
has not established a prima facie case of obviousness xmder 35 U.S.C. § 103(a). The cited 
references, alone or in combination, fail to teach or suggest each element of the claimed 
invention, essentially for reasons set forth above in response to the rejections over Roux et al 
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and Adrian et al Additionally, applicants submit that Roux et al and Adrian et al, even when 
combined with Tjaden et al, fail to teach or suggest the presently claimed method of identifying 
an agent that binds to an ANT polypeptide. 

Applicants are puzzled by the assertion in the Action (at page 14) that the plant 
adenine nucleotide translocator described by Tjaden et al "is considered a homologue to human 
ANT", particularly where Tjaden et al. clearly state (at page 9630, last full paragraph) that, 
"[t]his carrier represents a second type of eucaryotic adenylate transporter that is not related to 
the adenylate translocator previously identified in mitochondria" (citing Klingenberg, 1989 Arck 
Biochem, Biophys, 270:l-14)(emphasis added). 

Applicants therefore respectfully submit that citation in the Action to use of the 
C43 derivative of E, coli strain BL21 for recombinant protein expression by Tjaden et al is 
beside the point, where the plant ATP/ADP transporter described by Tjaden et al is structurally 
unrelated to the human ANT polypeptides set forth in SEQ ID N0S:3 1-33. Therefore the skilled 
person would have no reason for expecting the method for recombinant expression of the plant 
protein described by Tjaden et al to translate into successful expression of the presently recited 
recombinant human ANT polypeptides. 

By way of contrast, Tjaden et al rely on the disclosure of Miroux et al (1996 1 
Mol Biol 260:289) for use of the C43 derivative of E, coli strain BL21 as a recombinant 
expression host. Based on the teachings of Miroux et al, however, a copy of which is enclosed 
for the Examiner's convenience, applicants submit that a person having ordinary skill in the art 
would have xmderstood that recombinant expression of an ANT polypeptide is hardly a routine 
matter. More specifically, Miroux et al describe efforts to express various recombinant proteins, 
including mammalian ANT proteins which, unlike the plant protein of Tjaden et al, are related 
to the human ANT proteins (SEQ ID NOS:31-33) recited by the instant claims, in a bacterial 
expression system. Miroux et al describe multiple problems with regard to efforts to express 
recombinant mammalian ANT even in C43 cells, including toxicity to host cells, poor solubility 
of the recombinant product and accumulation of recombinant ANT in inclusion bodies {e,g., 
Miroux et al at pages 290-291 and Table 1), which applicants submit would be recognized by 
those familiar with the art as a form that is not amenable to functional binding interactions with 
an agent that binds to an ANT polypeptide {e.g., an ANT ligand). 
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Applicants therefore submit that based on the teachings of Tjaden et al, who use 
the same expression system as Miroux et ai, a person having ordinary skill in the art would not 
expect successfully to express a recombinant polypeptide having 95% identity to a human ANT 
protein set forth in SEQ ID NOS:31-33. In further view of the Anderson Declaration provided 
herewith and discussed above, applicants therefore respectfully submit that it would be 
misguided to believe that the person having ordinary skill in the art at the time of the present 
application knew, with a reasonable expectation of success, how to arrive at the instant 
invention. 

Because the combination of references cited by the PTO fails to teach each 
element of the claimed invention and, further, would not provide the skilled artisan with a 
reasonable expectation of success, the Action fails to establish a prima facie case of obviousness. 
Hence, and also for reasons discussed above, appHcants submit that the skilled artisan would not 
have been motivated to combine the disclosures of Roux et al pertaining to ANT ligands and 
Adrian et al pertaining to yeast ANT fusion proteins, with bacterial cells that recombinantly 
express a plant polypeptide unrelated to human ANT (SEQ ID NOS:31-33) as taught by Tjaden 
et al, to arrive at the present invention. 

Moreover, and as also noted above, the mere fact that the teachings of the cited 
documents can be combined or modified, or that a person having ordinary skill in the art is 
capable of combining or modifying the teachings of the cited documents, does not make the 
resultant combination prima facie obvious, as the references must also suggest the desirability of 
the combination {see, e.g.. In re Mills, 16 USPQ2d 1430 (Fed. Cir. 1990); In re Fritch, 23 
USPQ2d 1780 (Fed. Cir. 1992)). Thus, even assuming, arguendo, that the ordinarily skilled 
artisan might have been motivated to try expressing recombinant ANT polypeptides other than 
the polypeptides described in the references cited by the PTO, nowhere do the cited publications 
teach or suggest expressing the specifically recited polypeptides having at least 95% identify to 
the human ANT polypeptides set forth in SEQ ID NOS:31-33. Applicants therefore submit that 
no prima facie case of obviousness has been established. 

Accordingly, applicants respectfully request that the rejections imder 35 U.S.C. § 
103(a) be withdrawn in light of the above amendments and remarks. 
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Additionally, applicants wish to call the Examiner's attention to several related 



co-pending applications having claims potentially directed to similar subject matter. Reference 
to the appended 'Table of Co-Pending Applications" is therefore requested. 



The Commissioner is authorized to charge any additional fees due by way of this 



Amendment, or credit any overpayment, to our Deposit Accoimt No. 19-1090. 



Applicants submit that all of the claims remaining in the application are 



allowable. Favorable consideration and a Notice of Allowance are eamestly solicited. 



SJRikw 

Enclosures: 

Postcard 
Check 

Copy of Miroux et al. 
Petition for Extension of Time 

701 Fifth Avenue, Suite 6300 
Seattle, Washington 98104-7092 
Phone: (206)622-4900 
Fax: (206)682-6031 

400174_4.DOC 



Respectfully submitted, 



Christen M. Anderson et al. 



SEED Intellectual Property Law Group pllc 
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APPENDIX: 1 


rABLE OF Co-Pending Applications 


U.S.A.N. 


Atty. Docket No. 


Examiner 


Claims directed to 
(Comments) 


09/393,441 

(present 

application) 


660088.420C1 


Sheridan Snedden 


isolated recombinant huANT3 

polypeptide that localizes to 
mitochondrial membrane 

Statutory double-patenting rejection 
of claims 42, 46-48, 51 and 57 over 
claims 42, 46-48,51 and 57 of 
09/185,904 


09/185,904 


660088.420 


Holly G. Schnizer 


isolated recombinant huANT3 

polypeptide 

Obviousness-type double patenting 
rejection of claims 42, 46-50 over 
claims 42, 46-48, 5 1 and 57 of 
09/393,441 


09/811,131 


660088.420D1 


Holly G. Schnizer 


method of identifying agent that 

binds to ANT polypeptide 


09/811,185 


660088.420D2 


Rebecca L. Anderson 


method of treatment using ANT 

ligand 


09/810,644 


660088.420D3 


Rebecca L. Anderson 


ANT ligand 


09/811,094 


660088.420D4 


Holly G. Schnizer 


recombinant expression construct, 

host cell, and method of making 
recombinant ANT polypeptides and 
fusion proteins 


09/811,132 


660088.420D5 


Holly G. Schnizer 


methods of detecting and isolating 

an ANT polypeptide, using ANT 
ligand 


09/809,827 


660088.420D6 


Holly G. Schnizer 


isolated recombinant huANTl 

polypeptide 


09/809,889 


660088.420D7 


Holly G. Schnizer 


isolated recombinant huANT2 

polypeptide 


09/569,327 


660088.443 


Sheridan Snedden 


method of producing recombinant 

ANT polypeptides and fusion proteins 
using tightly regulated promoter 


10/684,232 


660088.433C2 


(none assigned) 


ANT-energy transfer peptide 
fusion proteins 
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COUMUNICAIION 

Over-production of Proteins in Escherichia colli 

Mutant Hosts that Allow Synthesis of some 

n/lembrane Proteins and Globular Proteins 

at High Levels .^o^rcrrpn 

(&) KiOTlCE MATERIAL MAY BE PROTECTED 

Bruno Miroux and John E. Walker* copyright LAW (TniE i7aa CODE) 



TheMediail Researdi 
Coundl iMboratory of 
Molecular Bk^M 
HSls Road. GMrid^ 
CB2 2QH, UK 



'Correspottding oh^wt - 



We have nvvesligated the over production of seven membrane proteins in 
ait E^Jienchm arfi-badcriophage 17 RNA polymerase expression system, 
in au seven cases, when expressaon of the target memlvane prot^ was 
induced mo^ of die BL21(DE3) host cells died. Similar effecte were also 
observed with e)cpressian vectors for ten lobular proteins. ThereforeL 
protcm over-producbon in this expression system is either limited or 
prevented by bacterial cdl death. From the few sxm-ivors of BL21(DE3) 
expiring the axog^utarate-malate carOT protein from mitbchonddal 
m^tones a mutant host C41(DE3) was sdected that &ew to hieh 
saturabon cell denaty, and produced the protein as inchision bodies at an 
elevated level without toxic effect. Some proteins that were expressed 
ptXHly jn BL21(DE3), ^ others where the toxidtv of the exmession 
ptasmic^ prevented transformation into this host, we^ also over-produced 
successftmy m C41(DE3). The examples incfaxde globular protei^ as wefl 
^ therefore, strainC41{DE3) is generally superior 
to BLZl (pE3) as a host for protein over-expression. However, ttie liddty 
• ^^^fT^J?'^**" ^ some of the membrane proteins pesisted partiallv 
m sti^ G41©E3). Therefore, a double mutant host C43CDE3) was sdected 
containing the expresaon plaanid for subunit b of 
c ^ C43(DE3), both subunits b and c of tfie 

^ATPase,an alanixw^H* symporter, and the ADP/ATP and the phosphate 
^ers frran ixutochandiia were aU over-produced. The transcription of 
^r»A^v ^^^^ ^ subunit b was lower in CAlCCm and 

Sf ?S «lf«ivdy, than m BL21(DE3X In C43(DE3), the onset of 
™cTJpbon of the gene for subunit b was delayed after inductiorv and 
the over-produced protein was incorporaled into the mohbrana The 
procedure used for selection of C41(DE3) and C43(DE3) could be 

employed to taUor expression hosts in Older to overcome other toxic effe* 
associated witfi over^xpression. 

O 1996 Academic Press Limited 

^^^iwifc: E coh; T7 RNA polymerase; over-expr^on; membrane 
protems . 



Atbreviations used: OGCP, axo^utaratwnalate 
rawpOTt protein from natochondria; F-ATPise 
HMnms porting P^,-ATPe^ OSCP, oligomydn' 
co^rial proteirv a subunit of bovine 
Liw.^!^/^' gMn fluorescent protein from the 
joly^ Aoptma vktoria; WTQ, isopopyl-2-o^o- 

sulphate-polyaoylamide 
g» etectropltoreszs; expiessian plasmid names consist 
ofthenameof the plismid vector, followed (in 
parentheses) by the recombinaiu they encode. 



Escherkhia coU is oiie d the most successful 
vehicles for over^expresnonf of both prokaryotic 
and eukaryotic proteins Cfor reviews see Hodcney, 
1994; Grisshammer k Tate, 1995). However, the 



i Hae the tern ''over-expresaon" impUes thai the 
faJget protein U expressed in &e E. oA* cells at a levd 
that would provuie a convegvent source of material for 
structural studies. Minimally this is Kkely to be about 
1 mg of the target protein per Eire of bacterial cuhurc. 

C 1996 Academic Pre» Uautod 
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^q^issiOT vectc^ fOT many membrane proteins, as 
S^n^*^^ cytoplasmic protein* (bong et al.. 
i5^;,forcendivisi n prol^ {de Boer al iQffl. 

fa" the host 

Dartmmn. Thenfon, we have investigated the 

wstems m which the target is tnms^ 
l«Mn the vector by bacteriophage T7 RNA 

BL21(DE3) host strain, used in conjunction with 
^""T^'J^ polymerase is produced 

from Ae X-iysogpa DE3 In the host bacterium, 
^?A"^![^"T4t'^°^ *e control of the 
^^^'^i UV5 promoter. TTiis system has 
S^v^^r* *««f»*^ for over-producHon of 
oany globular protdns, but in many other cases 
secant over-productlon cannot be achie^ 
beause of the toxicity of over-expression ©SS 
l»a;Q»rge rtfl/., 1994). 
"»toxic effects of the ove^expression of seven 
inembrane proteins (see Tabkl)dSS 



Piotain O ver-eiqjiossion »> E. cofl 

eS^iS??^?" n P'^^s towards the E. eo/i 
?n?!P^^ host cens were investigated by attemS- 
mg to grow cells containing the plasmids enlSo 
sete <^ ^ plates, one containing IPTG and the 

A^/A^^^' *^„Phosphate carrier and the 
t l^^^^'^'c three being members of 
a svper-touly of transport proteins wifli six 
^^«i*rane spans (Walker & RunswicI^ 1993). 
^abinute b and c of the £. coli F-ATP&se with 
OTie and two teansmembrane spans, r^pectivclv 
ffdtopme, IWro, and a iusion'lnxid^^lS 
bactent^ge T7 10a protein and the alanine-H* 
carror hom BaoT/us PS3. which is thought to have 
lOto 12 tTMsmembrane a-hehces (Kamata rt al 
In earlier studies. theOGCPhad been show! 
2 J^?*"?*-^ high levels aS ^pSS 

e d^S^'r* T £• BU1(DE3) cSl^onT 
e/ tf/., 1993). None of the seven vectors produced 

"f^P'*"" containing IPTG, ahd in the 
a^a«ce of IPTC only very small colonies formed 
^.F^^S^tawSng plasmids for the b^subunit of 
E. arfi F-ATPase. for the bovine ADP/ATP carrier 



Table 1. 



Pratsui* 



Of various ptoteins in BUl(DE3). C41CDE3) and C43mBl Wh. 



Sovlne OGCP Cm) ~ ~ 

Borne ADP/ATP tnoislocase (m) 
Bffca^ pa alamne/H* canicr (m) 
5* ^ '^'HW snbunit b Cm) 
E. F^ATPase suboxat c On) 
Bovwe F-ATPase subtmit b Cm) 
F^ATPase subqnit « (g) 
Bovme F^ATP^ sobunit 8 S 

Boroe^ATPteeaubunitT^ 
e»vine F-AJPise suborft 5 S 
Botvine F-ATPs^kse subunil d S 

f-AT^ 5ubunii 08CP Cg) 
BoviTO F-Amsc inhibitor pnSrin (g) 



Location* 



Expression level* 



BL21 



iB 
IB 
IB 
IB 

m/M 

M 
IB 
IB 
IB 
IB 
IB 
IB 
IB 



C41 



10» 
5> 



ND 

n» 

50' 
37» 



C43 



100* 
35» 

19» 

a? 

3Cf" 

240^ 
74* 

300* 
130» 
7tF 
ND* 
1«? 



84' 
52* 
W 
79» 
2? 
15» 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 



AftlheendofcheexDression «n-rt«JZrnr T 37» 140* mtj 



• inTmS^T^S^^'**^ *«»«^ 100^^ mmWES. lOXJOO^X and znwnbnro and qrtosoBc fraclioni 

*IBl iwJnsw bi^C ^''^^ 

«P»** Aportfonrfcd|tS5JS^^ edh. «J««»nlified by: ■WoBChnianic add assay or "N*™*-! 
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and for alanine-H* carrier. The cells in these 
very smaU colonies were not viable, and therefore 
it would not he posable to produce inocula 
for ova^-«xpression cultures in liquid media. Small 
viable cokmies were obtained with the plasmid 
for £. coH subunit c Simflar experiments were 
conducted with vectors for ten globular proteins 
(see Table 1); none of diem fonned colonies in the 
presence of IFTG. Therefore^ an 17 of the expression 
plasxzdds that were escamined produc&l toxic 
effects on the BL21(DE3) host, with a wide 
spectrum of severity. The plasmids encoding 
mmibrane protdns were the xrtost toxic, but among 
plasmids encoding xnexnifarane protetns/ d\e one 
encoding die OGCP was the least toodc 

A control experiment was conducted with five 
ditferent expression vectors from the pEF family, 
an of them lacking a target gene for possible 
over'-expressicRVr They were pMW7, pETlTb (con- 
taining an N-terminal T7 tag), pETZSa (cantaizung 
a N-tenninal T7 tag and a C-terminal I&-tag>, 
p£r29a (containing an 54ag) and pGEME)M 
(containing a gene iOa fragm^). Surprisingly, 
none of the dells containing . the ''empty'' plasnuds 
produced agonies in €he presence of IFPG, except 
for pET 17b, which gave very small coloiues, 
demonstrating that the plasmids themselves are 
intrinsically toxic to E coU BL21(DE3) host ceDs. 
Therefore, tfie toxicities for . expression plasmids 
containing target goies, consist of contributions 
from both the vector (and associated tags) and the 
target gene. 

The inhibitory effects of the pMVV7 (OGCP) 
expression vector on E. coli BL21(D£3) were also 
studied in liquid culture containing ampicillin. The 
culture was grown for four hours before addition of 
the inducer, HTG (see phase 1 in Rgure lA). One 
hour or so later, the cells had stopped dividizig and 
the absorbance of die culture decreased (phase 2). 
After a furthCT five to sbc hours, the absorbance rose 
again (phase 3) and eventually reached a value 
greater than 5. The maximal level of e^qpression of 
the OGCP was attained &ree hours after addition 
of inducer, and it diminished thereafter. Therefore, 
phase 3 corresponds to the ou^growdn of ceDs dlat 
had lost the ability to e^^ress the target gene. 
Similar three-phase growdi curves have been 
observed in our studies of all of the proteins that 
have been ov&-|mxluced in E. coft BL21(DE3), 
Some variation was oteerved in the length of the 
lag in phase 1 from three hours (GFP) to ten hours 
(E coU F-ATPase subunit c), and in maximal cell 
density in phase 2 froocn 03 to 2.0, depending on the 
deme of toxicity associated widi the plasmid. 

The. toxicity mediated by EPTG induction of 
OGCP expression in E. coli BL21(DE3) in a liquid 
culture was investigated by plating the ceDs in the 
abOTKe of selection pressure, in the presence of 
anpcillin, and in presence of both ampidQin and 
IPTG. After 30 minutes, the number of viable ceDs 
had decreased dramaticany from 10* to 10* even 
m the absexioe of ampidnin (see Hgure IB). The 
absorbance of the culture was stm increasing at this 



Tuncture, and so the cells were dying but had not 
lysed. In the residual viable population, only 10% 
oif the t»cteiia retained amjndllin resistance two 
hours after induction, and three hours later only 1 % 
of the population was resistant to the antibiotic 
Bght hours after induction, the number of viable 
ceSs equaUed the nimiber of cells calculated from 
the absorbance, lowing that the culture now 
contained predozrdnandy ceUs that had lost the 
plasnud. 

The ampidllin-resistant cells were also resistant 
to IFTG (Hgure IB), and the colonies contained two 
sub-populations cd larger and smaller sizes (Fig- 
\ue IC). Neither of these phenomena has been 
described in previous investigaticms of this ex- 
pression system (Studier et a/., 1990). In a separate 
control experiment where no IFTG was added to 
the liquid culture, the plasmid was stable, and the 
number of viable cdls was similar to the number of 
cells calculated from the absort>aiKe However, on 
plates, a smaU fraction of the population was again 
resistant to IPTG. In the uninduced liquid culture, 
the ratio of cdls resistant to IPTG compared to the 
total number of cells was stable at around 3 x 10^, 
whereas induction of expression by addition of 
IPTG Increased Ais ratio to 3 x 10^ (Hgure ID). 
Therefore, titie expression of the OGCP in E. coli 
BL21(DE3) grovm in liquid cultures had apparently 
increased ttie number of colonies resistant to IPTG. 
This cfrect of IFTG is difficult to quantify as its 
addition to the culture leads to the death of 
wild-type cells, thereby selecting for mutants, but it 
remains pos^le that the induction of expression 
of the protein provokes an SOS response in the 
host (Studier et a/., 1990; Murii & Walker, 1993; 
Friedberg et fl/., 1995). 

This apparent increase in the fr^queiKy of 
mutants by aver-exprcsaion of the OGCP on E. coli 
BL21(DE3) pressed the opportunity to select 
mutant host strains that might be more tolerant to 
over*exipres^on of the. OGCP. The first round of 
selection was conducted with £. coH BL21(DH3) 
transformed with pMW7(OGCP). Four hours after 
induction, a 100-fold dilution of cells from the 
culture was plated on solid medium containing 
IFTG, giving stib^opulations large arul smaS 
colonies as before OEigure IC). Three large colonies 
and one smaU colony were examined for their 
ability to express the OGCP in liquid media. No 
OG(IP was prT>duced by cells mwn from the 
colonies, but a culture grown from the smaU colony 
was found to produce the OGCP and to continue 
growing in the presence of EPTG, eventually 
attaining a saturation absorbance similar to control 
cultures grown in tiie absence of inducer. The strain 
of ceDs from tite smaU colony was named E coli 
C41(D£3). Its phenotype was stable; it continued to 
give rise to sxnan colonies in the presence of IFTG 
(Rgtoe 2A), and to grow and to produce the OGCP 
in liquid cultures in the presence of inducer. 

Plasmid pMW7(OGCP) was re-isolated from ceUs 
of E. coli C41(DE3), and was transformed bade into 
£. coli BL21(DE3), restoring the toxic phenotype. 
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of fte host Con^lSTpteS^^Sv^oSn^^^ O^mKOto the liquid culture. A, A ft«h^ 
anipicUUn (final «^««uS^Swt^^ ""^ ®0 mO stipptemetfed 

bovine OGCPfPortions (lOotStrfLch diK^ten?^,^ P2»ulahon after fauhxtkm of expressitH) of the 

sets of.agar phtSwJnff ted c^«^S^ n^ii*" ^u?* ^ ^ 10« «d l in 10») were «^oa three 

to 300 eoloiues per pbte fa 8 Ite iS^tSfS^ c^t«« tte tSTonies on fte most suitable plate with iS 
Number of oOli^ilLlated ten^^ ff^fe ^ A. The^^mbob r«d are ^ foBows: (O) 

wionies; (^^ ampieinin and DTG-ieSrSS wT^, ^ ^ ^ P^«»'- «» ampidDin^tant 

were vi^feiSwW tomSStoS^^w? sinall colpwes resistant to both ainpicillin anj BPTC ("smaB" 

o.lonies'^red";:^ l^*?^^^ and B^g^r^ 



gam E. coK C41(DE3y was cured of pMW7(0GCP) 
^wth in liqdd medium in tSe absSSVf 
^Sg^^w^Oiy a portion of the culture was 
dauted KKKWoW, and plated out in the presence 
^ffTC and in the absence of ampjaUit After 

te'A^ "'°"y the plasaiid 

an»e. Retransfonnation of ceDs 6mn this Sv 
vnth pMW7(CX5CP) stored the ability to^^ 
m Ae piesence <xf IPTG in liqmd adture 
and to ovei-express the OGCP. Therefore, the 



mutation affecting over-expression of the OGCP is 
" C«(DE3), and not in the plasmid 

pMW7(0GCP). i"«uua 

SubsequerHy, it has proved to be possible to 

^r^n^ proteins without toxic 

rffa^in E. coh C41(DE3) (see below). However, 
the toxiQty of over-c3q)ression of ofter protdns. 
•naudmg the b subunit of E. coK FATPast 
perasted in strain C41(DE3). Therefore, a second 
round f selection was conducted on E. coU 



\ 
f 
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C4ia>E3) ttansfoxmed wifli pMW7(Ed)), Rom IS 
OTan colonies Kisii^ by pla&g in the presence of 

UTC, one was found flat ove^€Jq>re6sed subunit b 
and continued to grow after induction. This strain 
Wttnamed E. a>K C43(DE3). and the additional 
mutobonwas again shown to be assodaled with 
the l»cteiia] genome. Siniilar to strain C41(DE3) 
the lAenolype of C43(DE3) is stable (see Rgme 3A) 
In contrast to their toxic effects on £. aAi bSi(DE3X 
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"empy ^smids do not inhibit the growth f 
e.flwiheC41©E3)orC43a)E3)straii«r^ 

It ^umld be emphasized tha t flte number of smafl 
coloroes and the proportion f those small arfonies 
that are competent far expression of a target pro- 
tein, differ wMlely according to die toxid^ of the 
expresaon plasxnid. With relatively non-toxic 
plaamds such as pMW7(OGCP) and pMW7(GFP), 
encoding the grem fluorescent protein, small 





B 



Time(b) 





»J5-PAGE The cultures WW jaown in ^ml^inr^^ ^' ^T^**" Ow OOCP analysed by 

gtM^. nny were each r^^^Sl^^^^ boft cases, the poten fimned indusbn bodieslnbcteS 
PAGE » dye At thelef^hand skKpwiK^o^^X^^ ld was analysed on the gd. which w« stained 
^pressed in E. BL21(DE3) tei hoiTS^s^^^S^^ JSS^ »« indicalS (in kDa). LanefeOO^ 
toduction in medium ^^r^^^^^^^^^^^'J^!^ «P«««i in C41(DE3) J^iSirTS 
« the starting point of theluSST^ ' ' "* C4I(DE3) 18hou« ^ inducHonby IP?^^ 
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i*lW7(Ed,X^^SYLd ff ScScD^I^ coK C«(DE3) and mutant C43(DE3), both c«S^ 

o^Kssing subttnit b. Tlie anow iai^^A^h^^^f!^^^' ^ ^ »«C4ia5E3) and C43(DE3) 

oq»r«^ ol the l^ubiSttt^E'^aimEs^tS^^ T^^^ ^' SDS-PAGE analysis of the 

a« indicated. The gel ^.SSStS^o^S^ S^^"*^ *e »igra Son p<«tk», of stand«l p^teins 



ootenes competent for over-expression were com- 
mon and easily identifiable, whereas with more 
^Sf^±^ as pMWrCEd,), mutaiUs of 
v.«tt>E3> oq»resang subunlt b were rare 

Cttfl^ltl^^ C41(DE3) and 

^^«U^) as Iwsls for over-eqwession of the OGCP 
^Jfi^ 1°^^ F-ATPS«e. respectively, are 
Justnrted in Figures 2 and 3. Both pi«rtal *ains 
s»Wea pwing after induction of expression 

nign ceu densities (see Hgures 23 and 3B) Bv 

induction of over-expression CKgure 20. it was 

stran C41(DE3j, and in addition, the mmiber of 



viable cdk correlated with the number of cells 
calculated from the ateorbance. In C41(DE3X at 
least ten limes more CXCP was expressed than in 
BL21(DE3) (Figure 2D, lanes (a) and Cb)). Moreover, 
stram C41(DE3) containing pMVV7((XXP) could be 
grown in 2 x TY broth, containing IPTG but kck- 
jng ampidlliru without ovcigrowth (Figure 2D 
lane (c)). The final ceH density m C41(DE3) was six 
times greater dxan in BU1{DB), and therefore the 
amount of OGCP produced per ceil is somewhat 
higher in C41{DE3) than in BL21{ED3), 

The course of expression of the E. co/f P-ATPase 
b subunit in C41(DE3) and C43(DE3> differed (see 
Figure 3C and D), the onset of protein producti n 
bemg delayed in C43(DE3> by about one hour 
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rdative to C4l(D£3). Three )xonxrs after hulnction, 
thxee times more pxdtetn had been produced In 
C43CDE3) etan in C41(DE3); 15 hours later the 
amount of subunit b in C41(DE3)'had decreased 
because tihe culture had l>ecome overgrown by cdls 
that had lost expression capacity; as discussed 
above. Less subunit b was produced per cdl in 
C43(D£3) dian in C41(DE3), but the gld^ amount 
of protein produced per Ktre of culhire was hi^ier 
in C43CDE3) because the oells ocmtxxmed to divide 
after induction'of expression. 

Tkansaiption of the gene fox tibe OGCP was 
compared in BL21(DE3) and C4l(DE3) hosts (see 
Hgure 4). The main RNA band had migrated 
further than 165 ribosoEma] RNA to a podtion cor* 
respondiixs to an mRNA of about one kilobase, as 
expected for the OGCP. Three larger RNAs, also 



detected with the OGCP probe, probably arise 
by the T7 RNA polymerase transcribing beyond 
the T7 transoiptional temunator^ which is im- 
mediatdy aft» die OGCP gene in th plasmid. 
In longer exposures of the blot (not shoivnX 
similar bands could be seen in C4](D£3) also, 
tnit in rdatively lower amounts compared wth 
the main band in BL21(DE3). The basal levd of 
OGCP mRNA synthesis in 6L21(D£3) was five 
limes higher than in C41(DK) (see Rgure 4B), 
and the maximal amount of OGCP mRNA 
synthesized after induction was about ten times 
greater in BL21(DE3) than m C41(DE3). More- 
over, the maxiimon amount of OGCP mRNA 
appears to have been reached after 45 minutes in 
BL21(DH9) and at kast 45 minutes later in 
C41(DE3). 
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^are 4. Analysis of transcripts 
of the OGCP in £. cob* BL21(DES) 
and C4I(D£3>. RNA samples hom 
cdls of E. cob' BU1(DE3) and 
C4UDE3) (4 mi), both containing 
the eaqTiession plasmids for the 
OGCP and subuiut b of E. coli 
F-ATF^, were prepared aocordlng 
to Ausub^ a/. (1987) and Uzan 
d oL 0988), respective. RNA 
(3|tg) was fractionated by dectro- 
phc»esi5 under denahinng con- 
ditions in a 1% agarose gel and then 
transferred to a Hybond-N mem- 
brane. Fre-hybridization and hy* 
bridization of the membsrane were 
cazxied out for 18 hdvjs at 42^. The 
DMA probe fox the bovine OGCP, 
corresponding to lis complete cod- 
ing sequence, was amj^if^ from a 
plasmld by PCR, and radio-IabeUcd 
witti ra^IdCTP CSOttG) by use 
of an oUgonudeotide labelBng kit 
(Phaxmada Biotech Ltd, St Albans^ 
Herts, ALl 3AW, UK). The mem- 
biane was hybridized in tfie pres^ 
ence oi the probe, washed twice at 
42*C in 2xS8C buffer containing 
0.1% SDS, and twice at 68^ in 
0.1XSSC buffer obtaining ai% 
SD5 (SSC buffer consists of 3M 
sodium chloride and 03 M sodium 
dtrate (pH 6J)). The radioactivity 
on the membrane tyas measured 
by densitometry with a computing 
densitometer (Molecular Dynamics, 
modd 30QA with ImageQuant ver- 
sion 3^ software) of a radioauto- 
graph exposed to M RX Jilm. 
K Aotoradiograph of the mem* 
brane after 15 minutes, exposure. 
Lax^ a, d and e, KNA samples of 



m oi/nr»\ • .t f\r*n » • ' # . Laiws a, d and e, KNA samples of 

SuSSC?!?* ^M.??* ^ ^ A ^P'^ ^ ^'^^ expressing the OGCP; bms c h and I, control 

M^^iXSf.r^'^'^f?*''?^ °*NA, a«d of ^ 16 S and 23 S ribosomal W^iSw tadtoS 
m^^t^^^^^^X?^,^^''^ ^ densitometry of the appropriate iS^tS 
«unereiit eaqxsures of the membrane. In C41(DE»), the signal at time zeio was chosen as refeiSu*. 
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Protein Osfer-expression in C coli 
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Kgnre S. Analysis of transcripts of £. coh' F-ATPhse b 
subunit m C41(DE3) and C43(DE3). For experimental 
defails, see l^end to Hgure 4. After hybridizaOon of 
RNA samples with the pnAe consisting of the entire 
coding sequence of the b subtmit^ the membrane was 
oq>osed to an image plate for 18 hours, and the 
radioactivity was measured with a Phosphorfanagcr 
(Molecular Dynamics, Chesham. Bucks, HP52PX UK). 

of RNA samples £rom C4ia>E3) and 
C4 3(PE3) at various tiaaes (shown on top) after indudian 
of aqptessam of F-ATP^ subunit b. Lane C contains a 
cgftttol saa^Ie of RNA from C41(DE3) ceHs in whidi flie 
OGCP had been ovei^^xpressed. Quantification of the 

mRNA samples in A, hi C43(DE3), the siDud at time zero 
was chosen as reference. 



A similar ccmtparison of the expr^on of the b 
^- F-ATPase in C41(DE3) and 
C43{DE3) was also conducted (Figure 5). The final 
amount of mRNA for E. coli F-ATPase subunit b 
accumulated per cell after three hours was 
approodmately the same in both strains, but the 
maximal level of this mRNA was attained in 
30 mmutes after induction in C41(DE3) and in 
twhours in C43(DE3). The basal level of ex- 
^^wi was sKghfly lower in C43(DE3) than in 

These studies indicate strongly that" a major 
a>mponent of loxidt)r of protein over-expression in 
E eoU-T7 RNA pdymerase systems is linked to 
tran^ption of 6s tai]get gene and, together with 
published work discussed bdow, they suggest that 
the toxici^ probably arises from the uncoupling 
of transcription from translation. Th T7 RNA 
polymerase transcribes DNA about seven times 
faster than E. coli RNA polymerase, and therefore 



transcription oulstri|» translation, permitting uiv- 
stable naked RNA stretches to form Oost & Dreyfus, 
IW; Makarova et al., 1995). By an unknown' 
mechanism, over-expression of either P-galactosi- 
dase or an inactive form of elongation factor Tu 
have been shown to lead to destruction of 
nbosomal RNAs. aivd the ensuing kthal effects of 
over-expression CDcmg et al^ 1995). Experiments 
. described above are consistent with this meduousm 
of lediality of protein over^xpression. Strain 
BL21(DE3) containiitg the expression plasmid 
fMW7(OGCP) produced a large amount of the 
Gog;nate mRNA from the plasmid^ whilst at th 

same tizne the target protein was present in the cdis 
at rather low levels. In contrast, in strain C41(DE3) 
the same transcript Was made more slowly, and 
despite the maximal level being ten times lower 
than in BL21(DE3), more of the target protein was 
syhthCTzed in C41(DE3). Similar effects were noted 
by coimarison of the expression of subunit b of 
E, coli F-ATPase in C41(DE3) and C43(DE3). 

At present, die locations of the mutations in 
C41(DE3) and C43(DE3) are not known, but 
plausible hypotheses concerning die C41(D£3) 
mutation are that either it affects the activity of the 
T7 RNA polymerase or ttiat it reduces the amount 
of polyma^e produced. .Both ejects wotild 
probably help to prevent imcoupling of transcrip- 
tion and translation. It is noteworthy tiiat a mutant 
of 17 RNA polymerase able to transcribe three 
times more slowly than the wild-type enzyme has 
been shown to yield about four times more 
^galactosidase from an appropriate expression 
vector (Makarova ct a/., 1995). The G13(DE3) 
mutation may also be helping to avoid tmcotipling 
of .transcription and translation, but, in addition to 
delaying the onset of transcription, it also appears 
to afiect the folding and insertion of subunit b into 
the bacterial membrane. In C41(DE3) the £. coU 
F-ATPase b subunit accumulates in a form that 
is difficult to sohibilize in the deter^gent lau- 
ryldimethylamine oxide, and it may be misfolded, 
whereas in C43(DE3) it is inserted into the 
membrane and can be readily extracted witti the 
detergent a Arechaga, BM. & JJE.W., unpublished 
results). 

The expression levels of a variety of proteins 
(seven membrane proteins, ten globular proteins; 
see Table 1) in BL21(DE3) were compared with the 
levels achieved in either C41(D^) or C43(DE3) 
hosts. For all seven of the mend>rane proteins, and 
particulariy for the alanine-H* transporter and the 
E. coif F-ATPlase subunits b and c; expression in the 
mutant hosts was improved over BL21(DE3). Irt all 
three of tiiese latter examples, the induction of the 
expression both on plates and in liquid media was 
toxic to C41(DE3) but not to C43(DE3). Tie gene 
lC^»-alanine-H" carrier fusion was yeey well ex- 
pressed in C43(DE3), and 79mg of proton were 
obtained per Utre of culhire (Table 1). Significant 
improvements in expression level were also 
obtained with the ADF/ATP and phosphate 
carriers in C41(DE3). 
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A genexal impravement in the expression of the 
globular proteins (see TaWe 1) was also found in 
mutant host C41(DE3), induding proteins that were 
well expressed as wdl as otheis that were pooriv 
expressed in BL21(DE3). Hie GFP provides a 
typical ecample of the £onner category. Although it 
** ^ °f culture in 

BL21(M3), a four times higher level of expressioh 
was obtained in C41CDE3) (see Table 1). ITie 
T-subunit of bovine AITase provides an example of 
the^mnd category. Cells of BL21(DE3) cont^iing 
pMW7(y) stopped growing at low density, and the 
r«ubumt was undetectable by SDS-PAGE analy. 
sis of d»e cell?, whereas in C41(DE3) the cds 
conBan^ to divide, grew to density and 
Foduoed a large amount of the y-subunit (see 
Tawe 1). 

The RI«IA polymerase of phage T7 is inhibited by 
me phage s lysc^e (Motetl & Studier, 1987). and 
merefore, co-transfdnnaHon of a plasmid eneodina 
the fysozynie (pLysS and pLysE) with the plasmid 
containing Ae target protdn has been advoated as 
ain«ns of suppressing toxic effects brought about 
eytawl levd express of jHoteins (StuSer ef al. 
1990). This stratagem has been found to be hdpful 
m some cases of relatively mild toxicity. Howwer 

S^Sr^^^"* '^F^^ pMW7(y) or with 
pMW7(GFP) did not suppress Aar toxidties on 
agariHates m Oie presence of IPTG. In Hquid media, 
the level of expression of both proteins was 
soinnvhat higher in BL2l(DE3) in the presence of 
pLysS dtan in its absence^ bit the level of ex- 
pression of botti proteins in e41(DE3) was at least 

S??Jf/n^^ 'r'^^^"* ^ co-txansformed 
BL2MDE3) cells. Therefore, at least in these two 
examples, C41(DE3) is siqjerior to BL2I(DE3V 
g.ysS as a host for over^ression of proteins 
The oombmation <rf C4l(DE3) wift pLysS may be 
?dvantage«»is, but diis ix»dhility W not teen 
mvest^ated ^stematically so far. 

To date, the usage of strain C43(DE3) for 
Btpresion of other toxic proteins has been explored 
m onhr a small number of examples (the F-ATPase 
b and c subunita, die alanine-H* carrier). One 
oomplefen RNase) has been encountered where 
an expr^on vector that was toxic in C41(DE3) 

SS*i!f^*J"J^^P^> ^unpublished 
results). A nuanber of other examples sh6w that, if 

to ^I?^^ expressed without toxic effect 

y C41(DE3), then no additional benefit derives 

S^^Tt?^^'^ of dK same piotein in 
C43(DE3)JWfore It appears diat C43(DE3) has 
a more restricted utility ftan C41(DE3) 

Although die selection procedure presented here 
B empincal, it has the advantage that it encom- 
passes the entire compleidty of the biology of the 

'^V^ ^ »n efficient 

owans of modifymgit The method takes advantage 

i Of t»cteria sdected in the presence 

dLiSL^^'^iilll '^Pi^n. which hid been 
o^oibed mcoirectly as only containing cells that 
W lost the ability to ex^ the t^ DNA 
<Studier et al., 1990). As WThave sh^^,lwo 



sub-populations ghdzig rise to large and small 
colonies arc present, and the )atter contains cells 
that over-express the target protein better than the 
ori^nal host Therefore, the procedure aUows the 
expression system to be adapted and optimized 
for the expression of a particular protein^ aiui it 
may be bene£da] in ottier instances (iruiuding 
bom globular and membrane proteins) to use the 
sdection protocol to sdect a wider range of host 
strains derived, for example* from BL21CDE3X 
C41(D53) and C43(DE3X In this way it may be 
possible to tailor the expression system by selection 
and therdsy, for example, to prevent the formation 
of indusion bodies, and to overcome toxic effects of 
* various severities and origins. 

finally, it should be noted that removal of die 
toxic effects of an expression plasmid wiD not 
automatically guarantee that the protein is pro- 
duced in large amounts/ and to achieve this 
objecth/e it may be necessary, for example, 
additionally to prevent mRNA degradation, to 
remove undesirabie features in the coding sequence 
that impede translation (Kane, 1995), or to prevent 
proteolytic degradation. 
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